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The translocation (6;9)(p23;q34) in acute nonlymphocytic leukemia results in the formation of a highly
consistent dek-can fusion gene. Translocation breakpoints invariably occur in single introns of dek and can,
which were named icb-6 and icb-9, respectively. In a case of acute undifferentiated leukemia, a breakpoint was
detected in icb-9 of can, whereas no breakpoint could be detected in dek. Genomic and cDNA cloning showed
that instead of dek, a different gene was fused to can, which was named set. set encodes transcripts of 2.0 and
2.7 kb that result from the use of alternative polyadenylation sites. Both transcripts contain the open reading
frame for a putative SET protein with a predicted molecular mass of 32 kDa. The set-can fusion gene is
transcribed into a 5-kb transcript that contains a single open reading frame predicting a 155-kDa chimeric
SET-CAN protein. The SET sequence shows homology with the yeast nucleosome assembly protein NAP-I. The
only common sequence motif of SET and DEK proteins is an acidic region. SET has a long acidic tail, of which
a large part is present in the predicted SET-CAN fusion protein. The set gene is located on chromosome 9q34,
centromeric of c-abl. Since a dek-can fusion gene is present in t(6;9) acute myeloid leukemia and a set-can fusion
gene was found in a case of acute undifferentiated leukemia, we assume that can may function as an oncogene
activated by fusion of its 3' part to dek, set, or perhaps other genes.

Translocations are the best-studied nonrandom chromo-
somal aberrations associated with specific subtypes of leu-
kemia. As a result of a translocation, an oncogene can be
activated through alterations in regulatory DNA sequences
that leave the encoded protein intact (e.g., myc) or through
formation of a fusion gene, encoding a chimeric protein (e.g.,
bcr-abl). The t(9;22) associated with chronic myeloid leuke-
mia, acute myeloid leukemia (AML), and acute lymphoblas-
tic leukemia (29) results in the expression of a chimeric
BCR-ABL protein with enhanced tyrosine kinase activity
(16, 19, 27, 38, 45). Pendergast et al. showed that defined
sequences encoded by the first exon of bcr interact with the
SH2 domain of ABL (33). This interaction is essential for the
activation of the ABL tyrosine kinase activity and for the
transforming capacity of BCR-ABL. More recently, other
fusion genes have been isolated. t(1;19), occurring in child-
hood pre-B-cell acute leukemia, fuses the E2a gene, encod-
ing transcription factors E12 and E47, to a novel homeobox
gene, PBX1 (26, 32). t(15;17), strongly associated with acute
promyelocytic leukemia, fuses part of the retinoic acid
receptor type a gene (RARt) to a novel gene on chromo-
some 15 named PML, which is predicted to be a transcrip-
tion factor (9, 25). bcr-abl, E2A-pbx, andpml-RARao seem to
be highly consistent partners.

Previously we reported the cloning of t(6;9) breakpoints
(43). t(6;9) is the hallmark of a specific subtype of AML
characterized by a poor prognosis and a young age of onset.
It is classified in the French-American-British system mostly
as M2/M4 and rarely as Ml or refractive anemia with excess
of blast cells (RAEB) (2, 36, 39). On chromosome 9, break-
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points take place in a specific intron, icb-9, of a large gene
(>140 kb) named Cain (can) (43). On chromosome 6, break-
points also occur in a single intron, icb-6, of a gene named
dek (42). The result of t(6;9) is the formation of a dek-can
fusion gene on chromosome 6p-, which is transcribed into
an invariable, 5.5-kb, leukemia-specific dek-can mRNA (39).
The fusion transcript encodes a 165-kDa chimeric protein,
which derives from the in-frame fusion of dek and can open
reading frames (ORFs). Sequence comparison of DEK and
CAN with entries in the EMBL data base shows no homol-
ogy to any known protein sequences. CAN contains several
putative dimerization motifs, and the C-terminal part may
function as an ancillary DNA binding domain. The DEK
protein contains 43% of charged amino acids and several
acidic domains (42).

Surprisingly, a breakpoint in icb-9 of can was also de-
tected in a bone marrow sample from a patient with acute
undifferentiated leukemia (AUL) and an apparently normal
karyotype. No breakpoint in dek could be detected in this
case (42). In this paper, we report the isolation and charac-
terization of a novel gene, named set, that was fused to can
in the leukemic cells of this patient. A chimeric set-can
transcript whose sequence predicts a SET-CAN protein of
155 kDa was detected.

MATERIALS AND METHODS

Southern and Northern (RNA) blotting. Patient material
and human cell lines used were described previously (43).
t(9;22) hybrid cell lines used were described elsewhere (8,
15). High-molecular-weight DNA was prepared as described
by Jeffreys and Flavell (23). KG1 DNA was isolated and
digested in agarose blocks as described previously (44).
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FIG. 1. Restriction maps of can, set-can, and set. Bold dotted lines indicate can sequences; solid lines indicate set sequences; the thin
dotted line indicates sequences fused to 5' can. The top line shows a region of can around icb-9; the exons flanking the intron are indicated
by black boxes. The single-copy probes Al1F4EP and Al1F6E.3 are located at either side of the translocation breakpoint of patient SE. The
second line represents phage Sg2O, isolated with probe Al1F4EP. Sg2O contains 5' can sequences and novel sequences 3' of the translocation
breakpoint. A 1.9-kb HincII-HindIII fragment, Sg2OE3HH, could be used as a single-copy probe. The third line represents phage Sgl9,
isolated with probe AllF6E.3. Sgl9 contains 3' can sequences fused to novel sequences 5' of the translocation breakpoint that were shown
to represent the set gene. A 1-kb HincII fragment (Sgl9Hcl) was isolated as a single-copy probe. The genomic fragment Sgl9Hp was used
for in situ hybridization of chromosome preparations. The fourth line represents phage Sg22, containing wt set and isolated with probe
Sgl9Hcl. The striped bar indicates the region of set homologous to multiple copies in the genome. Sg22E4R400 is a 400-bp RsaI fragment
isolated as an additional single-copy probe just 5' of the translocation breakpoint. The scale is indicated by a bar. Restriction sites: E, EcoRI;
B, BamHI; H, HindIII.

Restriction enzyme reactions were performed as recom-
mended by the suppliers. Southern blots were done as
described by Sambrook et al. (35). RNA of mouse tissue was
isolated from BCBA mice. RNA was isolated by either the
guanidinium isothiocyanate (7) or LiCl (4) method. Total
RNA was electrophoresed and blotted as described by
Fourney et al. (12). Equal amounts of rRNA were loaded.
Before loading of the samples on a denaturing gel, 5% of
each sample was loaded on a nondenaturing agarose gel to
estimate the amount of rRNA and to adjust the sample
quantity if necessary. Southern and Northern blots were
hybridized in 10% dextran (35). Northern blots of mouse
tissues were hybridized with human set probes with 3 x SSC
(lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate) at
65°C, and filters were washed with 0.3 x SSC at 650C.
Probes were labelled by the method of Feinberg and Vo-
gelstein (11).
Genomic and cDNA libraries. A XEMBL3 library of bone

marrow DNA of patient SE was constructed as described by
Frischauf et al. (13), and 2 x 106 PFU was screened with the
can probes Al1F6E.3 and AL1F4EP (Fig. 1). A human testis
cDNA library in Xgtll was purchased from Clonetech (Palo
Alto, Calif.).

Cloning of chimeric set-can cDNA. Fifty micrograms of
total RNA of bone marrow cells from AUL patient SE was
heat denatured, and first-strand cDNA was synthesized with
avian reverse transcriptase and 100 pmol of a 20-mer primer,
5'-CCACCAGGTGATTCAGCCTC-3', located 200 bp
downstream of the translocation breakpoint in the can
cDNA (14, 20). cDNA was size selected on a Sephacryl
S-1000 column (.800 bp). Terminal deoxynucleotidyltrans-
ferase was used to tail first-strand cDNA with deoxyadenos-
ine. Following heat denaturation, second-strand cDNA was

synthesized with Klenow polymerase and the 35-mer 5'-
GTCGCGAATTCGTCGACGCG'i i'Hi'iI'i IITI-3'.
Part (1/20) of the double-stranded cDNA was amplified with
Taq polymerase (Perkin Elmer Cetus) and the primers 5'-
GTCGCGAATTCGTCGACGCG-3' and 5'-TITGAATTCG
TCGACCAGATGCTGATCCCACTCC-3'. The latter prim-
er contains SalI and EcoRI recognition sites fused to a
20-mer sequence located 86 bp downstream of the translo-
cation breakpoint in the can cDNA sequence. No polymer-
ase chain reaction (PCR) product of a specific size was
generated, but a smear of PCR fragments hybridized to can
cDNA probe hXT37BR derived from can cDNA, covering
sequences 3' of the translocation breakpoint. Although this
probe overlaps with the amplification primers, conditions
that prevented hybridization to the primers were chosen.
Blots were washed at 65°C with 0.1 x SSC. DNAs larger than
800 bp were isolated from an agarose gel, reamplified, cut
with EcoRI, and cloned into XgtlO. The resulting library was
screened with can probe hXT37BR.

Cloning of the 3' end of the 2-kb set mRNA. Thirty
micrograms of total RNA of bone marrow cells from AUL
patient SE was heat denatured, and first-strand cDNA was
synthesized with avian reverse transcriptase, using 100 pmol
of the 35-mer 5'-GTCGCGAATTCGTCGACGCGT1VlI1-l'l
lTHl l-l-3' as a primer (14, 20). Excess primer was
removed by isopropanol precipitation. Part (1/100) of the
cDNA reaction was amplified by using Taq polymerase
(Perkin Elmer Cetus) and the primers 5'-GTCGCGAAT
TCGTCGACGCG-3' and either 5'-GTTTGGGTGGGTTAG
TGGGC-3' or 5'-CCACTCAATGGGAGAATCAGC-3'. The
latter primers cover nucleotides (nt) 1382 to 1401 and 1519 to
1539, respectively, of the set cDNA. Amplified fragments of
350 and 220 bp were sequenced by using a protocol for direct
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sequencing of fragments produced by an asymmetric PCR
(24).

Sequence determination and analysis. Restriction frag-
ments of cDNA clones were subcloned in M13. Overlapping
cDNA sequences were determined on both strands by dide-
oxy sequencing (37). Initially M13 primers were used; when
no suitable restriction sites were present, a primer was
generated on the basis of the available cDNA sequence. To
establish intron-exon borders, genomic fragments containing
the exon of interest were subcloned into M13, and a cDNA
primer near the putative intron-exon border was generated
to prime the sequence reaction. Sequences were analyzed
with the computer program Microgenie (Beckman), and the
EMBL data base was used to search for homologous se-
quences at both the nucleotide and amino acid levels.

In situ hybridization. Hybridization was performed as
described by Arnoldus et al. (3).

Nucleotide sequence accession number. The nucleotide
sequence data reported in this paper will appear in the
EMBL, GenBank, and DDBJ nucleotide sequence data
bases under accession number M93651.

RESULTS

Previously it was shown that can probe AllF4EP, located
at the 5' end of icb-9 (Fig. 1), hybridized to an aberrant
fragment in bone marrow DNA of AUL patient SE (43). On
a Northern blot, 3' can cDNA probes hybridized to an
aberrant 5-kb transcript in total RNA of bone marrow cells
of patient SE (42). These data proved that a breakpoint is
present in icb-9 of the can gene. However, the 5-kb aberrant
transcript failed to hybridize to 5' dek cDNA probes that
invariably detected the leukemia-specific dek-can transcript
of similar size in t(6;9) AML cells. This finding suggested to
us that a gene other than dek may be fused to can in leukemic
cells of patient SE.

Isolation of the set gene. To isolate and characterize DNA
sequences fused to can in AUL patient SE, we constructed
a genomic XEMBL3 phage library of high-molecular-weight
DNA of leukemic cells of this patient. In total, 2 x 106 PFU
was screened with can probes Al1F4EP and Al1F6E.3,
located at either side of the translocation breakpoint (Fig. 1).
Hybridizing clones (12) were analyzed by restriction enzyme
mapping. Most clones contained DNA from the normal can
allele, but clones Sg19 and Sg20 (hybridizing to Al1F6E.3
and Al1F4EP, respectively) contained can sequences fused
to DNA with an unknown restriction enzyme pattern. Sub-
clones of phages Sg19 and Sg20 were tested for DNA
fragments not containing any repetitive sequences (not
shown). A 1-kb HincII fragment from Sg19 (Sgl9Hcl) and a
1.9-kb HindIII-HincII fragment from Sg20 (Sg2OE3HH)
(Fig. 1) could be used as single-copy probes to screen the
genomic library again in order to obtain nonrearranged
clones overlapping with Sg19 and Sg20. Ten phages, two
hybridizing to Sgl9Hc1 and eight hybridizing to Sg20E3HH,
were isolated and analyzed. Phage Sg22 hybridized to probe
Sgl9Hcl located at the 5' side of the breakpoint and ex-
tended beyond the breakpoint at the 3' end (Fig. 1). How-
ever, hybridization experiments failed to detect overlap
between Sg22 and Sg20, which contains DNA juxtaposed to
can at the 3' end of the breakpoint. Similarly, no overlap
could be detected between Sg19 and phages hybridizing to
probe Sg20E3HH that extend at the 5' end beyond the
breakpoint present in Sg20 (results not shown). Therefore, it
was concluded that a stretch of DNA flanking the transloca-
tion breakpoint was deleted. The size of this deletion mea-

sures at least 6 kb and may be much larger. As 3', but not 5',
can cDNA probes detected an aberrant transcript in RNA of
leukemic cells of patient SE, attention was focused on the
newly isolated DNA fragments 5' of the translocation break-
point fused to 3' can. We reasoned that these sequences
could be part of a novel fusion gene associated with this case
of AUL.
To prove that Sg19 indeed represents the translocation

breakpoint, probe Sgl9Hcl was hybridized to a Southern
blot containing DNA isolated from bone marrow cells of
patient SE. In addition to a large -18-kb BamHI fragment, a
fragment of -15 kb specific for the AUL sample was
detected (not shown). Probe Sg22E4R400 (Fig. 1) also de-
tected an aberrant BglII fragment in DNA of the leukemic
cells from patient SE (not shown).

Isolation of set cDNA. To isolate cDNA sequences repre-
senting the aberrant transcript detected in RNA of patient
SE, we used an anchored PCR according to the protocol for
rapid amplification ofcDNA ends (RACE) (14). The reaction
was primed with a can oligonucleotide located 86 nt down-
stream of the translocation breakpoint in dek-can cDNA.
Hybridization of the PCR products to a can cDNA probe just
3' of the breakpoint, hXT37BR (Fig. 2), showed a smear of
fragments. Therefore, size-selected DNA (.800 bp) was
isolated from a preparative agarose gel and cloned into AgtlO
to generate a small selective cDNA library. Many phages
hybridized to can cDNA probe hXT37BR, and six of these
were analyzed. One clone only weakly hybridized, three
clones contained wild-type (wt) can sequences, and two
clones (SE3 [300 bp] and SE4 [700 bp]) contained 86 bp of
can sequences linked to unknown DNA. The 5' 500 bp of
clone SE4 (an EcoRI-RsaI fragment) were isolated and
hybridized to a Southern blot containing restriction enzyme
digests of the genomic phages Sg19, Sg20, and Sg22. Strong
hybridization to a 5.5-kb EcoRI fragment in phages Sg19 and
Sg22 was detected (schematically indicated in Fig. 2). On a
Northern blot containing total RNA of several cell lines
(K562, HeLa, Daudi, HL60, and KG1) and AUL patient SE,
the SE4ER probe hybridized to two transcripts of 2.7 and 2.0
kb present in all cell lines and to additional transcripts of 5
and 6.5 kb, specific for the AUL sample (Fig. 3A). The 5-kb
transcript is identical in size to the aberrant transcript
detected by 3' can probes in RNA of leukemic cells of this
patient.

Together, the data prove that in AUL patient SE, the 3'
part of can is fused to a novel gene that is distinct from the
previously isolated dek gene. This novel gene was named
set.
To isolate full-length set cDNA, probe SE4ER was used to

screen a Agtll testis library. Six hybridizing clones were
isolated and analyzed. The overlapping cDNAs SE9 and
SE10 are shown in Fig. 2. SE10 extends most 5', and SE9
extends most 3'. Different subfragments of clones SE9 and
SE10 were hybridized to a Southern blot containing restric-
tion enzyme digests of the genomic phages Sg19, Sg20, and
Sg22. The 5' part of SE10 hybridized to the same 5.5-kb
EcoRI fragment that hybridized to the fusion cDNA clone
SE4. Surprisingly, the 3' part of SE10 and almost the entire
clone SE9 hybridized to a 1.1-kb EcoRI-HindIII fragment in
Sg19 that is situated 3' of the 5.5-kb EcoRI fragment but 5' of
the translocation breakpoint (Fig. 2). Fine mapping ofcDNA
clone SE9 and the genomic fragment to which it hybridized
showed that restriction maps of the two fragments are
colinear. These data suggest that the set gene contains a
large exon at its 3' end, which is situated 5' of the set-can
translocation breakpoint. Since these exon sequences are

MOL. CELL. BIOL.



ACIIVATION OF can 3349

E E 'H' B EE E
I I I 1 11 I

E E
I I

E E
I

E E B
I I I

set-can (Sgl9)

5 kb mRNA

set (Sg22)

I I I

1 kb

2.7 kb mRNA
2.0 kb mRNA

SE1l0
SE9

FIG. 2. The set gene. The top line represents part of the set-can gene. The second restriction map represents the wt set gene. The striped
line indicates can sequences; solid lines indicate set sequences; open boxes below the maps indicate restriction enzyme fragments hybridizing
to cDNA sequences; stippled boxes are defined set exons; the striped box is a defined can exon. The 5-kb fusion transcript is indicated below
the set-can map. The can ORF is indicated by a solid bar, and the set ORF is indicated by a hatched bar. SE4 is the fusion cDNA clone,
isolated via the RACE protocol and hybridizing to can cDNA probe hXT37BR. Asterisks indicate positions of the oligonucleotides used to
amplify the fusion cDNAs. A stippled line indicates which set exon is spliced to the can exon 3' of icb-9. The last 3' set exon is alternatively
spliced and not present in the 5-kb fusion transcript. The 2.0- and 2.7-kb transcripts are indicated below the set map; they differ only in the
polyadenylation signal used. The stippled line indicates the splicing of the penultimate exon to the last exon of set. SE9 and SE10 are cDNA
clones isolated from a Xgtl1 human testis library. All EcoRI (E) and BamHI (B) sites are indicated; 'H' represents only one of several HindIII
sites and is indicated for clarity.

not present in the fusion cDNAs SE3 and SE4, they must be
excluded from the 5 kb set-can transcript by alternative
splicing.
Markedly, a weak 6.5-kb transcript was detected next to

the aberrant 5-kb transcript in total RNA of leukemic cells of
patient SE after hybridization with the set cDNA probe SE4
(Fig. 3A). A transcript of the same size was also detected by
the 3' can cDNA probe hXT54, because the transcript
migrates just a little faster than the normal 6.6-kb can

transcript (Fig. 3B). This finding suggests that a 6.5-kb
set-can transcript in addition to the 5-kb transcript is present
in the leukemic cells. Possibly, this transcript contains part
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FIG. 3. Northern blots. Total RNA (20 p.g) isolated from cell
lines K562, HeLa, Daudi, HL60, and KG1 and from bone marrow of
AUL patient SE was hybridized to the set cDNA probe SE10 (A).
Total RNA (20 ,ug) isolated from cell lines HeLa and Daudi and from
bone marrow of AUL patient SE was hybridized to can cDNA
probes 3' of the translocation breakpoint (B). Sizes of transcripts are
indicated in kilobases.

of the 3' set exon, spliced to can via a cryptic splice donor
site in the 3' set exon.

Sequence analysis of set cDNA. The nucleotide sequences
of SE9 and SE10 were determined. Together these clones
contained 2,570 bp of cDNA sequences. An ORF of 831 nt,
encoding a protein of 277 amino acids (aa) with a predicted
molecular mass of 32 kDa, is present. A long 3' untranslated
region (UTR) of 1,733 nt follows the ORF (Fig. 4). This 3'
UTR contains many stop codons in all reading frames. The
ORF starts immediately at the 5' end of SE10 at position 5 of
the cDNA, and the first stop codon in this ORF is found at
position 837. Comparison of the sequences of the fusion
cDNA SE4 and cDNA clone SE10 shows that nt 814 (aa 269)
is fused in frame to the can ORF. Sequence determination of
part of the homologous genomic clone (Sgl9E5.5) showed
that this position 814 in the set cDNA corresponds to an
exon-intron border (Fig. SD). The 3' border of this intron
was determined by sequencing an 800-bp EcoRI fragment of
genomic phage Sg19 (Fig. SD). A large part of the exon 3' of
this intron was sequenced from the Sg19 subclones Sgl9E.8
and Sg19E3. This sequencing confirmed the suggestion that
in the normal set gene, the exon spliced to can in the fusion
gene is followed by a single large 3' exon of 1,756 nt. This
exon still contains 7 aa of the ORF and the entire 3' UTR.
The polyadenylation signal for the 2.7-kb transcript is found
at positions 2542 to 2547, followed by the poly(A) tail at
position 2562. The genomic sequence overlapping the 3' end
of the cDNA is shown in Fig. SB.
As the ATG start codon is present at the very 5' end of

SE10, an anchored PCR was used to clone the 5' end of the
set transcript. Unfortunately, because of the high G+C
content of the DNA, we were not successful. The 5' cDNA
sequences are contained in the 5' end of the 5.5-kb EcoRI
fragment of the genomic phage Sg19. The genomic nucleo-
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M S A Q A A K V S K K E L N S N H D G A D E T S E K E Q Q E A I E H I D E V Q 39
1 CACATGTCGGCGCCGGCGGCCAAAGTCAGTAAAAAGGAGCTCAACTCCAACCACGACGGGGCCGACGAGACCTCAGAAAAAGAACAGCAAGAAGCGATTGAACACATTGATGAAGTACAA

N E I D R L N E Q A S E E I L K V E Q K Y N K L R Q P F F Q K R S E L I A K I P 79
121 AATGAAATAGACAGACTTAATGAACAAGCCAGTGAGGAGATTTTGAAAGTAGAACAGAAATATAACAAACTCCGCCAACCATTTTTTCAGAAGAGGTCAGAATTGATCGCCAAAATCCCA

N F W V T T F V N H P Q V S A L L G E E D E E A L H Y L T R V E V T E F E D I K 119
241 AATTTTTGGGTAACAACATTTGTCAACCATCCACAAGTGTCTGCACTGCTTGGGGAGGAAGATGAAGAGGCACTGCATTATTTGACCAGAGTTGAAGTGACAGAATTTGAAGATATTAAA

S G Y R I D F Y F D E N P Y F E N K V L S K E F H L N E S G D P S S K S T E I K 159
361 TCAGGTTACAGAATAGATTTTTATTTTGATGAAAATCCTTACTTTGAAAATAAAGTTCTCTCCAAAGAATTTCATCTGAATGAGAGTGGTGATCCATCTTCGAAGTCCACCGAAATCAAA

W K S G K D L T K R S S Q T Q N K A S R K R Q H E E P E S F F T W F T D H S D A 199
481 TGGAAATCTGGAAAGGATTTGACGAAACGTTCGAGTCAAACGCAGAATAAAGCCAGCAGGAAGAGGCAGCATGAGGAACCAGAGAGCTTCTTTACCTGGTTTACTGACCATTCTGATGCA

G A D E L G E V I K D D I W P N P L Q Y Y L V P D M D D E E G E G E E D D D D D 239
601 GGTGCTGATGAGTTAGGAGAGGTCATCAAAGATGATATTTGGCCAAACCCATTACAGTACTACTTGGTTCCCGATATGGATGATGAAGAAGGAGAAGGAGAAGAAGATGATGATGATGAT

E E E E G L E D I D E E G D E D E G E E D E D D D E G E E G E E D E G E D D * 277
721 GAAGAGGAGGAAGGATTAGAAGATATTGACGAAGAAGGGGATGAGGATGAAGGTGAAGAAGATGAAGATGATGATGAAGGGGAGGAAGGAGAGGAGGATGAAGGAGAAGATGACTAAATA

841

961 GGTCTCTTTTCTCTACTCCATGGTTCTCAATTTATTTGGGGGGAAATACCTTGAGCAGAATACAATGGGAAAAGAGTCTCTACCCCTTCTGTTCGAAGTTCATTTTTATCCCTTCCTGT

1081 CTGAACAAAAACTGTATGGAATCAACACCACCGAGCTCTGTGGGAAAAAAGAAAAACCTGCTCCCTTTGCTCTGCTGGAAGCTGGAGGGTGCTAGGCCCCTGTGTAGTAGTGTATAGAAT

1201 TCTAGCTTTTTTCCTCCTTTCTCTGTATATTGGGCTCAGAGAGTACACTGTGTCTCTATGTGAATATGGACAGTTAGCATTTACCAACATGTATCTGTCTACTTTCTCTTGTTTAAAAAA

1321 AGAAAAAACTTAAAAAAATGGGGTTATAGAAGGTCAGCAAAGGGGTGGGGTTTGAGATGTTTGGGTGGGTTAGTGGGCATTTTGACAACATGGCTTCTCCTTTGGCATGTTTAATTG

1441 TGATATTTGACAGACATCCTTGCAGTTTAAGATGACACTTTTAAAATAAATTCTCTCCTAATGATGACTTGAGCCCTGCCACTCAATGGGAGAATCAGCAGAACCTGTAGGATCTTATTT

1561 GGAATTGACATTCTCTATTGTAATTTTGTTCCTGTTTATTTTTGGGTTTCTTTTTGTTTCACTGGAAAGGAAAGATGATGCTCAGTTTTAAACGTTAAAAGTGTACAAGTTGCTTTGTTA

1681 CAATAAAACTAAATGTGTACACAAAGGATTTGATGCTTTTCTCTCAGCATAGGTATGCTTACTATGACCTTCCAAGTTTGACTTGTATAACATCACTGTCAAACTTTGTCACCCTAACTT

1801 CGTATTTTTTGATACGCACTTTTGCAGGATGACCTCAGGGCTATGTGGATTGAGTAATGGGATTTGAATCAATGTATTAATATCTCCATAGCTGGGAAACGTGGGTTCAATTTGCCATTG

1921 GTTTCTGAAAAGTATTCACATCATTTGGGATACCAGATAGCTCAATACTCTCTGAGTACATTGTGCCCTTGATTTTTATCTCCAAGTGGCAGTTTTTAAAATTGGCCTTTTACCTGGATA

2041 TAAATTAATTGTGCCTGCCACCACCATCCAACAGACCTGGTGCTCTAATGCCAAGTTATACACGGGACAGTTGCTGGCATGTCTTCATTGGCTCTCTAAAATGTGGCCAAGAAGATAGGC

2161 TCTCAGTAAGAAGTCTGATGGTGAGCAGTAACTGTCCCTGCTTTCTGGTATAAAGCTCTCAAATGTGACCATGTGAATCTGGGTGGGATAATGGACTCAGCTCTGTCTGCTCAATGCCAT

2281 TGTGCAGAGAAGCACCCTAATGCATAAGCTTTTTAATGCTGTAAAATATAGTCGCTGAAATTAAATGCCACTTTTTCAGAGGTGAATTAATGGACAGTCTGGTGAACTTCAAAAGCTTTT

2401 TGATGTATAAAACTTGATAAATGGAACTATTCCATCAATAGGCAAAAGTGTAACAACCTATCTAGATGGATAGTATGTAATTTCTGCACAGGTCTCTGTTTAGTAAATACATCACTGTAT

2521 ACCGATCAGGAATCTTGCTCCAATAAAGGAACATAAAGATTTAAAAAAAAAAAAAAA

FIG. 4. cDNA and putative amino acid sequences of the SET protein. The position where set is fused to can in the set-can fusion protein
is indicated with a triangle (nt 814). The acidic tail is underlined. The poly(A) addition sites are double underlined.

tide sequence preceding the ATG codon, which appeared to
be rich in CpG, was determined (partly shown in Fig. 5A).
CpG-rich areas are found to be associated with certain
promoter regions (5). Therefore, it seems likely that this
ATG encodes the first methionine of the putative SET
protein and that the genomic region 5' of the cloned cDNA
contains the promoter sequences.
The putative SET protein contains an extremely high

percentage of acidic residues, 32% (98 aa), half of which (43
aa) are present at the C terminus, forming a long acidic tail;
37 of the acidic residues are present in the chimeric SET-
CAN protein. When the amino acid sequences of SET and
DEK are compared, only the acidic stretches show homol-
ogy. Comparison of the SET sequence with sequences in the
EMBL data base revealed homology with a putative Plas-
modium falciparum protein (31) and with a nucleosome
assembly protein, NAP-I, of Saccharomyces cerevisiae (22)
(Fig. 6). All three proteins have a large stretch of acidic
residues at the C terminus. In addition, comparison of aa 38
to 221 of SET with aa 20 to 201 of the P. falciparum protein
showed 33% (61 of 187 aa) identity and 50% (94 of 187 aa)
similarity. Comparison of aa 1 to 220 of SET with aa 116 to
362 of S. cerevisiae NAP-I showed 24% identity and 36%
similarity. However, some regions are more homologous
than others; i.e., SET aa 69 to 143 showed 34% identity and
54% similarity to the corresponding amino acids in NAP-I.
The 3' part of the set gene is not single copy. Upon

screening genomic phage Sg19 for fragments free of repeti-
tive sequences, it was found that a 1-kb EcoRI-HindIII
fragment just upstream of the can sequences (Fig. 2) de-
tected a number of bands after hybridization to a Southern

blot containing human DNA (Fig. 7A). This finding sug-
gested that at least 10 cross-hybridizing copies of this
sequence are present in the genome. This EcoRI-HindIII
fragment appeared to be part of the 3' exon of set. Also,
cDNA probe SE4ER appeared to be multicopy. This probe
is located upstream of the G+A-rich stretch of DNA encod-
ing the acidic tail of the SET protein. On long-range mapping
Southern blots with BsshII-digested DNA, a comparable
number of fragments, ranging from 30 to 800 kb in size, could
be detected (Fig. 7B). This finding indicates that the se-
quences hybridizing to set are located at large distances from
each other and may well be scattered over the genome. Only
the very 5' end of the set gene, which includes probe
Sgl9Hcl, is single copy (Fig. 7A and D). Probe Sg22E4R420,
located immediately 3' of the 3' exon, is also single copy.
To test whether both the 2.7- and 2.0-kb transcripts are

encoded by the cloned set gene and not by any of the other
set-homologous alleles, total RNA of the cell line KG1 was
hybridized to (i) the single-copy probe Sgl9Hcl, (ii) the
entire cDNA clone SE10, and (iii) the 3'-terminal 500 bp of
cDNA clone SE9 (SE9R520) (Fig. 7C). Sgl9Hcl as well as
SE10 detected the 2.7- and the 2.0-kb mRNAs, whereas the
3' probe SE9R520 detected only the larger of the two
transcripts. These results indicate that both transcripts are
encoded by the set gene and that the difference in size is
most likely due to alternative polyadenylation. Two putative
poly(A) signals for the 2-kb mRNA are present in the 3'
UTR, at positions 1485 to 1490 and 1682 to 1687, respec-
tively. To test whether these signals are used, the RACE
protocol (14) was employed. cDNA generated with an adap-
tor-oligo(dT) primer was further amplified with an adaptor
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A: 5'set

cccttctctccccctccccgctccccccccgaccgcgggagcagCACATG Sgl9E5S.8
CACATG SE10

TCGGCGCCGGCGGCCAAAGTCAGTAAAAAGGAGCTCAACTCCAACCACGA
TCGGCGCCGGCGGCCAAAGTCAGTAAAAAGGAGCTCAACTCCAACCACGA

CGGGGCCGACGAGACCTCAGgtgagagcagcgacccgggggccggcccsg

B: 3' end 2.7 kb set mRNA

GGAATCTTGCTCCAATAAAGGAACATAAAGATTTtttttggactggggtc
GGAATCTTGCTCCAATAAAGGAACATAAAGATTTAAAAAAAAAAAAA

gattctccttgttttataagagaaatgttaccttgcctattgatt

C: 3' end 2 kb set mRNA

TTTTAAACGTTAAAGTGTACAAGTTGCTTTGTTACAATAAAACTAAATGT
TTTTAAACGTTAAAGTGTACAAGTTGCTTTGTTACAATAAAACTAAATGT
GTACACAAAGGATTTGATGCTTTTCTCTCAGCATAG
GTACACAAAAAAAAAAAAAAA

D: last set intron

ATGATGATGAAGGGGAGGAAGGAGAGgtaaaa......
ATGATGATGAAGGGGAGGAAGGAGAGGAGGATGAAGGAGAAGATGACTA

Sgl9E5S.8
SE10

Sgl9E5S. 8
SE10

NAP-I

NAP-I EEDILANQPLLLQSIQDRLGSLVGQDSGYVGGLPKNVKEKLLSLKTLLCELFEVEKEFQV 115

NAP-I

P .falc.

ss : : : : :: :
-- ,,I T

MSAQAAKVSKKELNSNHDGADETSEKEQQEAIEHIDEVQNEIDRLNEQASEEILKVEQKY
1i :1I:1E 1E: ::

QMYLFIYIFFFFFFFFFFVIVK nTEQDIRCAHQMNIQKQY

173

60

42

NAP-I QN_-____DSEEEQVKGIPSFWLTALENLPIVCDTITDRDAEVLEYLQDIGLEYLTDGRP 222

1 ~~I : I :°
SET NKLRQPFFQKRSELIAIPNFWVTTFVNHPQVSALLGEEDEEALNYLTRVEVTEFEDIKS 120

Sgl9H300 : : :1l |:1 ll II|: II :1(:: 1| : :::: :
SE9 P .faic. DEKKKPLFEKRDEIIQKIPGFWANTLRXHPALSDIV-PEDIDILNHLVKLDLKDNMDNNG 101

Sgl9H300 NAP-I GFKLLFRFDSSANPFFTNDILCKTYFYQKELGYSGDFIYDHAEGCEISWXDNAHNVTVDL 282

°:::I11':0:: 1811 'I11 '
SET GYRIDFYFDE--NPYFENKVLSKEF----HLNESGD---PSSKSTEIKWKSGK-DL 166

:lcSYKITFFGEKAEF11VVEC: I11 :
P.faic. SYKITFIFGEKAKEFMSEPLTLVKNV----TFDNNQE---KVVECTRIKWKEGK---NP 149

SE9
SE220

SE9
SE220

Sgl9E5.5
SE10
Sgl9E800

FIG. 5. Comparison of genomic and cDNA sequences of set. (A)
A 5.5-kb EcoRI fragment in Sgl9 contains the most 5' sequences of
set cDNA clone SE10 in an 800-bp SstI fragment (Sg19E5S.8). (B)
The end of the 3' exon of set is present in cDNA clone SE9 and in
a genomic 300-bp HindIII fragment derived from phage Sgl9. The
poly(A) signal is underlined. (C) A 2-kb mRNA is generated by
alternative polyadenylation on nt 1703 of the set cDNA sequence.
SE9 represents part of the 2.7-kb mRNA; SE220 is the amplified 3'
end of the 2-kb set mRNA. The poly(A) signal is underlined. (D) The
intron-exon borders of the last set intron were sequenced to deter-
mine the position of the set-can fusion in the set cDNA sequence.
The exon that is spliced to can is present in a genomic 5.5-kb EcoRI
fragment derived from phage Sgl9 (Sgl9E5.5). The border of the 3'
exon is present in an 800-bp EcoRI fragment of the same phage clone
(Sgl9E800). Genomic sequences are aligned with the sequence of
cDNA clone SE10.

oligonucleotide and a primer located at either positions 1382
to 1401 or positions 1519 to 1539. This procedure resulted in
a fragment of 350 or 220 nt, respectively. Direct sequencing
of these fragments showed that the putative poly(A) signal at
positions 1485 to 1490 is not used, while the poly(A) signal at
positions 1682 to 1687 results in polyadenylation of the
mRNA at position 1703 (Fig. 4 and SC). Hybridization of
probe SE10 to a blot containing DNA from different verte-
brates (zoo blot) showed a considerable degree of conserva-
tion of the set gene among humans, mice, marsupials,
chickens, amphibians, and fish; hybrids are stable at 65°C in
1 x SSC (data not shown). Markedly, the repetitive nature of
the 3' part of set was seen in both human and mouse genes.

Expression of set. The expression pattern of set in different
mouse tissues was analyzed by Northern blotting. Total
RNA (20 ,ug) from bone marrow, spleen, thymus, brain,
liver, kidney, testes, ovaries, placenta, and whole embryos
sacrificed 10, 13, 16, and 19 days postcoitum was loaded on

a denaturing agarose gel and hybridized to the human SE10
cDNA probe. As shown in Fig. 8, set is expressed in all adult
tissues analyzed. The expression during embryogenesis is
remarkable. set expression is relatively high in the youngest
embryos (10 days old) and decreases during development. In
mouse cells, not two but three or four transcripts were
detected. The nature of the smaller mRNAs is not known.
The band migrating just under the 18S rRNA band may be

NAP-I EMRKQRNKTTKQVRTIEKITPIESFFNFFDPPKIQNEDQDEELEEDLEERLALDYSIGEQ 342
1, : -1 :1 : : 11

SET TRRSSQTQN-KASRKRQHEEP-ESFFTWFTD---HSDAGADEL_-____________GEV 207

P.falc. I--AAVTHNRSDL---DNEIPKWSIFEWFTT---DELQDKPDV------------- GEL 187

NAP-I LKDKLIPRAVDWFTGA LEFEFEEDEEEADEDEDEEDDDDHGLEDDDGESAEEQDDFAGR 402

SET IKDDIWPNPLQYYLVP MDDEEGEGEEDDDDDEEEEGLEDIDEEGDEDEGEEDEDDDEGE 267

P .falc. IRREIWHNPLSYYLGL EEFDEFDDDFDEEFDDDDDDDDDDDDDDDDDDKDDDLDGDDDG 247

NAP-I EQAPECKQS 412

SET EGEEDEGEDh 277

P.falc. DNDD 253

FIG. 6. Alignment of the SET protein with a putative protein of
P. falciparum (P.falc.) and the NAP-I protein of S. cerevisiae.
Identical amino acids in all three proteins are indicated with a

vertical line; identical amino acids in SET and NAP-I or in SET and
the P. falciparum protein are indicated with a broken vertical line;
similar amino acids are indicated with colons; acidic C-terminal
regions are boxed.

background due to compression of the background smear by
the bulk of rRNA.
Chromosomal localization of the set gene. The karyotype of

leukemic cells of patient SE appeared to be normal and gave
no clue as to where in the genome set is located. A
biotinylated genomic fragment from phage Sgl9, encompass-
ing three HindIII fragments of 3.3, 2.3, and 1.9 kb (Sgl9Hp;
Fig. 1), was used to determine the chromosomal localization
by in situ hybridization. Although some background fluores-
cence was present, a clear signal was detected at the tip of
the long arm of chromosome 9 (Fig. 9A and B). The
oncogenes c-abl, involved in t(9;22), and can, involved in
t(6;9), are also located on chromosome 9q34. Somatic cell
hybrids containing the 9q+ or 22q- chromosome of t(9;22)
were hybridized to probe Sgl9Hcl to determine the local-
ization of set relative to c-abl and can. As shown in Fig. 9C,
set sequences hybridized to cell lines carrying the normal
chromosome 9 (17CB-10) or the 9q+ chromosome (8CB-7B
and 15CB-7D) but not to cell lines carrying the 22q- chro-
mosome (Wedy9 and WESP-2A). This finding confirmed the
results of the in situ hybridization and locates the set gene on
chromosome 9, centromeric of c-abl. The physical distance
between set and abl is unknown.

DISCUSSION

In t(6;9) AML, a specific fusion of dek to can is found. All
t(6;9) leukemic cells analyzed to date invariably contained a

translocation breakpoint in icb-6 of dek and in icb-9 of can
(39). Here we provide evidence that can is involved in at
least two different translocation events. In leukemic cells of
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FIG. 7. (A and B) Presence of multiple copies of set in the
genome. Southern blots containing DNA derived from human
thymus, digested with BglII (A), or DNA derived of the cell line
KG1, digested with BsshII (B), were hybridized to probes Sgl9Hcl
(A, lane 1) and SE9R520 (A, lane 2; B). Positions of size markers (in
kilobases) are shown next to the blots. (C) Derivation of both set
transcripts from the cloned set gene. Northern blots with RNA
derived from cell line KG1 were hybridized to probes Sgl9Hcl
(lanes 1), SE9R520 (lanes 2), and SE10 (lanes 3). Sizes of the
transcripts are indicated in kilobases. (D) Genomic map indicating
positions of the probes. Open boxes underneath the set restriction
map indicate restriction fragments hybridizing to set cDNA probes.
Probes Sgl9Hcl, SE9R520, and Sg22E4R420 are indicated by bars.
cDNA probe SE10 contained cDNA sequences encoded upstream
of the EcoRI site (E) marked with an asterisk. The estimated
position of SE4 is indicated with an interrupted line. H, HindIII.

a patient with AUL, can is fused to a novel gene named set.
The set-can fusion gene encodes a 5-kb chimeric transcript
whose nucleotide sequence predicts a 155-kDa SET-CAN
fusion protein. The finding that the same part of CAN is
linked by translocation to two different protein moieties at its
N-terminal side suggests that the C-terminal part of CAN
contains domains involved in leukemogenesis that can be
activated in more than one way. Markedly, the phenotype of
the leukemic cells carrying the set-can fusion gene was very
immature in this patient (1), whereas a variable degree of
differentiation into the myeloid lineage is observed in t(6;9)
AML cells.
A large-scale study for involvement of dek and can in

leukemia confirmed the specificity of the association of t(6;9)
with the dek-can fusion gene. However, among the 320 cases
of myelodysplastic syndrome (MDS), AUL, AML, and
acute lymphoblastic leukemia studied, two leukemia sam-
ples contained a breakpoint in icb-9 of can, whereas no

breakpoint in dek could be detected. One sample was a
RAEB, and the other was a common acute lymphocytic
leukemia (40). These samples were tested for a breakpoint in
set, and the results so far have been negative (41). These
results suggest that in addition to dek and set, other genes
might be able to activate can. Although the different types of
CAN fusion proteins are all associated with leukemia, the
differentiation potential of the leukemic cells may be influ-
enced by the N-terminal moiety of the fusion protein.
The predicted protein sequence of SET shows no homol-

ogy with DEK apart from the fact that both proteins contain

: a- I G Lw > j
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2.7 - .e ww *
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FIG. 8. Detection of set mRNAs in mouse tissues. A Northern
blot containing total RNA derived from various tissues of BCBA
mice was hybridized to the human set cDNA probe SE10. Lanes:
BM, bone marrow; SP, spleen; TH, thymus; LI, liver; KI, kidney;
BR, brain; TE, testes; OV, ovaries; PL, placenta; E10, E13, E16,
and E19, embryos at 10, 13, 16, and 19 days postcoitum. Lanes E10
to E19 were exposed for a shorter length of time than were the other
lanes. In the original exposure, the signal of lane E19 is comparable
to the signal of lane SP.

acidic regions. Many proteins containing acidic regions are
located in the nucleus and may have different functions
(reviewed in reference 10). Although the function of CAN
and DEK is not known, domains identified in these proteins
suggest a role in transcription regulation (42). Analogous to
acidic domains in VP16 and GALA (6, 21), the acidic motifs
of DEK and SET could serve as transcription activation
domains. On the other hand, acidic domains are also present
in proteins associated with chromatin, such as nucleolins
(30) and high-mobility-group proteins (28). Functional assays
are needed to determine whether the acidic domains of SET
and DEK are essential for the putative transforming capacity
of the DEK-CAN and SET-CAN fusion proteins.
The homology of SET with the S. cerevisiae nucleosome

assembly protein NAP-I (22) argues that SET may be a
nuclear protein. This notion is interesting since fusion of
CAN to DEK results in a nuclear localization of the fusion
protein, whereas CAN itself is mainly cytoplasmic. Fusion
of SET to CAN could have the same effect and result in a

nuclear localization of the SET-CAN fusion protein. A
nuclear localization of the C-terminal part of CAN may be
essential for the putative leukemogenic effect of the fusion
proteins.

In addition to the acidic stretch at the N terminus, the
entire SET protein and the NAP-I protein are 24% identical.
SET also shows homology to a putative protein of P.
falciparum whose function is unknown (31). Possibly, the
functions of SET and the putative P. falcipanrm protein in
the cell are related to the function of the nucleosome
assembly protein. SET and the P. falciparum protein are

similar in size, and their overall identity is 33%. The NAP-I
protein is larger and extends at its N-terminal side.

Like dek, the set gene is expressed in all tissues of the
mouse, suggesting that SET has a rather general function in
the organism. Still, the expression pattern is not entirely
identical to that of dek. Most remarkable is the high expres-
sion level in early embryos. It will be interesting to analyze
by in situ hybridization whether the high expression of set in
early embryos is found throughout the embryo or whether it
is restricted to specific structures.

set is a relatively small gene of 8 kb. The most 5'
sequences of the cloned set cDNA are located in a CpG
island that measures at least 1,000 bp in the genomic DNA.

A
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The sizes of the mRNAs on Northern blots are estimated to
be 2.7 and 2 kb. The cloned cDNA sequences represent 2.5
and 1.7 kb. It is likely that sequences at the 5' side of the
transcript are missing from the cDNA clones. Since CpG
islands are strongly associated with promoter regions (5), we
assume that the 5' part of phage Sgl9 contains the most 5' set
sequences and the set promoter.

In comparison with other fusion genes, the position of the
breakpoint in the set-can fusion gene is peculiar since it is
located 800 bp 3' of the set gene and not in an intron.
Apparently, the primary transcript is not terminated in the
4.8 kb that separate the 3' end of set from the most 5' exon
of the translocated can gene but rather proceeds to the end
of the can gene. Subsequently, the 3' set exon must be
skipped by splicing to produce an in-frame set-can fusion
transcript. Large exons seldom occur within a gene, and it
has been reported that large exons are preferentially spliced
out of primary transcripts (17, 34). Markedly, next to an
aberrant 5-kb transcript, a weaker 6.5-kb transcript which
hybridizes to cDNA clone SE10 can be detected in total
RNA of leukemic cells of patient SE. An additional tran-
script of similar size also hybridizes to 3' can cDNA probes
and is just smaller than the 6.6-kb normal can transcript (Fig.
3). This finding suggests that the 6.5-kb mRNA may be a
set-can fusion transcript containing part of the 3' set exon,
spliced in via a cryptic splice donor site. Considering the
intensities of the signals on the Northern blot, the use of the
cryptic splice site is not very efficient. The presence of
transcripts containing part of the 3' set exon will be of no
functional importance since the natural set stop codon is
present in this mRNA. The longer fusion transcripts would
encode only wt SET protein.

Hybridization of total RNA of leukemic cells of patient SE
with set cDNA probes shows that the steady-state levels of
set are much higher than those of set-can, despite the
presence of >90% leukemic cells in the bone marrow sample
from which RNA was isolated. As each cell contains one set
promoter driving wt set expression and one set promoter
driving transcription of the set-can fusion gene, additional
elements regulate the relative abundance of set and set-can
transcripts. (i) Transcription of the set gene may be upregu-
lated by an enhancer element located 3' of the gene, which is
removed by the translocation. (ii) The presence of the last 3'
exon on the rearranged chromosome may give rise to pro-
duction of wt set transcripts from the set-can fusion gene.
Transcription termination and polyadenylation of normal set
transcripts will decrease the level of set-can transcripts in
the cell. (iii) The difference in set and set-can steady-state
levels may also be due to a reduced half-life of set-can
mRNA compared with that of set mRNA.
The karyotype of the leukemic cells of patient SE ap-

peared to be normal. We show here that set is localized on
chromosome 9q34. Thus, the chromosomal aberration is not

I- N, N + + FIG. 9. Chromosomal localization of the set gene. (A) Fluores-
LO

Y :#: :e :#: : mcence in situ hybridization of a chromosome preparation with the
C 1 2 3 4 5 6 7 genomic set fragment Sgl9Hp (Fig. 1); (B) 4',6-diamidino-2-phe-

nylindole-actinomycin counterstaining; (C) Southern blot contain-
ing EcoRI-digested DNA derived from somatic cell hybrids with the
segregated chromosomes of the t(9;22), hybridized to the genomic

tIj *' set probe Sgl9Hcl. Total human DNA was loaded in lanes 1 (K562)
and 2 (human thymus). The somatic cell hybrid 17CB-10 (lane 3)
contains the entire chromosome 9, Wedy9 and WESP-2A (lanes 4
and 5) contain the 22q- chromosome, and 8CB-7B and 15CB-7D
(lanes 7 and 8) contain the 9q+ chromosome.
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detected by cytogenetic means since the distance between
set and can is relatively small. The chromosomal rearrange-
ment that took place to fuse set to can may be either an

insertion, an inversion, or a translocation. A deletion can be
excluded because genomic phages that contained novel
sequences fused to the 5' part of can as well as to its 3' part
were cloned. Fluorescent in situ hybridization techniques (3)
may distinguish between the other possibilities.
Only the 5' end of set appeared to be single copy. The 3'

part of the set gene is present at least 10 times in the human
genome. The set gene may be part of a gene family whose
members have highly homologous 3' ends and specific 5'
leaders. Alternatively, the other copies may represent non-

expressed pseudogenes lacking the 5' end of set. Similarly,
four duplications of the 3' bcr gene are present on chromo-
some 22 at large distances from each other (18). These ber
copies are not expressed and contain conserved exons as

well as conserved introns. The bcr-related genes are present
in gorilla and chimpanzee DNAs but not in mouse DNA (18).

Northern blot and PCR analyses suggest that both the 2.0-
and 2.7-kb set transcripts are encoded by the set gene
identified in this report. However, it can not be excluded that
set-homologous genes are expressed in specific cell types.
The hybridization analysis indicated that the set gene is
evolutionarily well conserved and that a multiplication of set
occurred after the divergence of marsupials and mammals
but before the divergence of primates and rodents. It is
surprising that multiple copies remained so well conserved
not only in the protein-coding region but also in the large 3'
UTR. It is not known whether introns are conserved as well.
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